We give an overview of heavy flavour lifetime measurements, focusing on recent results from the Tevatron and the B factories.
Introduction
In the first part of this article we summarise the status and latest measurements of B-hadron lifetimes and lifetime ratios, including some recent result from the Tevatron and the B factories, and compare those results with the predictions from Heavy Quark Expansion (HQE). Future prospects for lifetime measurements at the B factories and the Tevatron are discussed.
In the second part, we review the status and prospects of measuring the difference between the lifetimes of the two CP eigenstates in the B 
Lifetimes and Lifetime Ratios

Theoretical Predictions on B Hadron Lifetimes
Life time measurements in the heavy quark sector gain specific significance due to the precise predictions of Heavy Quark expansion (see e.g. [1] , [2] ) thus providing a testing ground for this theoretical tool that is frequently used, for example to relate experimental measurements to CKM parameters like Γ d to |V cb | or ∆m s /∆m d to |V ts /V td |.
The hierachy expected for b hadron lifetimes is [3] : Schematic of lifetime measurements at BB (from [11] with added comments).
Lifetimes at the B Factories: Method
The Υ(4S) decays to B Because the B mesons decay virtually at rest in the Υ(4S) frame, their momenta in the lab frame are known from the beam momentum. This constrains the decay dynamics considerably with the important consequence that the decay vertex of a B meson can be obtained from a single decay product, by intersecting its track with the beam axis. The decay distance along the beamline (z) is directly proportional to the proper decay time for a given beam momentum (small corrections apply [11] ). Lacking primary vertex information, it is the distance between the decay vertices of the two B mesons that is used for measuring the life time. This distance is typically ∼ 250 µm and ∼ 200 µm at BB and B respectively.
In the standard method, one B meson is fully reconstructed, (B rec ), and another one partially, from as little as one or two tracks (B opp ), with a correspondingly degraded vertex resolution. The lifetime difference is calculated from the difference in the position along the beam line (∆z = z B reco − z opp ) of the two B vertices. This is illustrated in Fig. 1 . The resolution function is modeled using Monte Carlo simulation. In Fig. 2 , the Monte Carlo generated resolution function for ∆z at BB for the decay B + → J/ψK + is shown [11] . An exponential with a mean decay distance of 250 mum, representing approximately the signal distribution before detector effects, is superimposed, illustrating how the signal is of a similar width as the resolution function, which must therefore be modeled carefully. This modeling of the resolution function, together with the modeling of the background distribution, is the biggest systematic uncertainty in both experiments. The so-called "outliers", a relatively small number of events with very large reconstructed ∆z, represent a particular problem. Both experiments are able to control it well enough to keep the systematic error below the statistical uncertainty.
Both experiments describe the ∆t = ∆z/ c (βγ) Υ distribution in terms of three components: signal, background and outliers. The beam constrained mass (shown in Fig. 3 for B) is used for an event-by-event signal probability. The fraction of outliers is a free fit parameter. The B 0 d and B + distributions are fit simultaneously in an unbinned likelihood fit. Besides these commonalities, there are some differences in the event selection and modeling of the resolution function which are described in detail in the publications by the respective experiments [10] [12].
Results
B
Using the following fully reconstructed hadronic decays: [12] τ B + = 1.695 ± 0.026 ± 0.015 ps
The fit result to the data, showing separately the background and the outlier contribution, is shown in Fig. 4 .
BB Fully Hadronic
Using the following fully reconstructed hadronic decays: The fit result to the data is shown in Fig. 5 .
More results from BB
As mentioned earlier, the decay kinematics at BB and B allow to find the z position of a decay vertex from as little as a single track. While in the previously mentioned measurements, one of the pair of B's is fully reconstructed, BB also published a set of measurements where also the B rec is reconstructed partially. These are summarised in Table 1 . 
1.533 ± 0.034 ± 0.038 ps 1.064 ± 0.031 ± 0.026 ps 
Status of Lifetime Measurements Including Results from BB and B
Since the B factories have started taking data, they have reduced the error on
by half. Fig. 7 . The integrated luminosity at Run IIa is expected to be 2 fb −1 .
The projected luminosity for each year until 2008 is listed in Table 2 , for two scenarios: The base-line scenario, and a best-case scenario ("stretch"). The total integrated luminosity at the end of Run II in 2008 is expected to lie between 6 fb −1 and 11 fb −1 . Silicon vertex trackers providing excellent proper time resolution, sufficient to resolve the expected fast oscillations in the B 0 s system. The excellent impact parameter resolution is used for triggering on B-events. Both experiments have increased their muon coverage since Run I, and have an efficient di-muon trigger for finding B 0 → J/ψX decays. DØ's µ−trigger covers a particularly large pseudo rapidity range up to |η| = 2.
DØ and CDF
IP Trigger
One of the most innovative improvements for B physics at the Tevatron is the large-bandwidth hadron trigger at CDF, which triggers on the impact parameters of tracks at Level 2. The eXtremely Fast Tracker (XFT) uses pattern matching to find tracks in the COT (drift chamber) within 5.5 µs, with about 96% efficiency for momenta above 1.5 GeV. These XFT tracks are combined with tracks in the Silicon Vertex Detector by the Silicon Vertex Tracker (SVT), which makes impact parameter information available at Level 2 to a precision of ∼ 50 µm. The 2-Track hadron trigger combines the information on the direction (XFT), momentum (XFT) and impact parameter (SVT) to trigger on hadronic B decays. The trigger requirements for the two scenarios, 2-body and multi-body B decays, are given in Table 3 . The SVT+lepton trigger for semileptonic B decays has impact parameter requirements on one track only and requires additionally an electron or muon with p t > 4 GeV. DØ also has impact parameter information available at Level 2, and will have a lepton+displaced track trigger, which was however not yet available for the data presented here.
For lifetime measurements it is essential that the bias due to the impact parameter cuts in the trigger is corrected for. We will first consider measurements that do not suffer from such a trigger bias, and then those that do. 
Measurements Using Fully Reconstructed Decays, Without IP Trigger
Both experiments have published results from fully reconstructed hadronic B → J/ψX decays from the dimuon trigger, which are not biased by any impact parameter cut. An example fit (CDF, 70 pb Fig. 8 . The signal is modeled with an exponential, the background by a prompt component and two positive and one negative exponential tails (only one positive tail for B 0 s because of lower statistics). Signal and background function are convolved with a single Gaussian to take into account detector effects. The B mass is fit simultaneously and provides an event-by-event signal probability. DØ use a somewhat different approach, as illustrated in Fig. 9 , modeling the background using a separate fit to the right sideband. The left sideband has a long-lifetime component from incompletely reconstructed other B decays. This B contamination in the signal region is modeled from Monte Carlo and found to be 12%.
The results are given in Table 2 .3.3. The table shows that the error on the life time ratios obtained from B → J/ψX decays is about twice that achieved in Run I, all channels combined. By the end of this year, CDF is expected to have collected ∼ 300 pb −1 , four times as much as used for the analyses presented here, so we can expect CDF to achieve the combined Run I precision using the exclusive channels alone by the end of this year. the momentum of the B, which is needed to calculate the proper lifetime from τ(B) = L xy M(B)/(cp t (B)) is unknown. It can however be related to the J/ψ momentum via
Measurements Using
where F (p t (J/ψ)) is the mean ratio p t (B) /p t (J/ψ), and the uncertainty on p t (B) depends on the the spread of that ratio for different momenta. 
Semileptonic Decays With ℓ+ IP Trigger
CDF is also using B → Dℓν X and Λ b → Λ c ℓν decays from the lepton plus displaced track trigger for lifetime measurements. The missing ν momentum is accounted for using the same Monte Carlo-based method as in the inclusive B lifetime study discussed above. The main challenge is to correct the lifetime bias due to the impact parameter cuts in the trigger. The acceptance as a function of lifetime 
Lifetimes at the Tevatron -Summary & Prospects
The Tevatron is going to provide high statistics samples of all B-hadrons, including B s , B c , Λ b . Preliminary Run II results from fully reconstructed hadronic decays are already approaching Run I precision, higher statistical precision is expected soon from the lepton+displaced track sample. The Run IIa projection (MC studies from Dec-01 [3] ) for the life time ratios are
which will provide a real test of theory for the B s and, pending improved theoretical calculations, for the Λ b lifetime. 
is large enough to be experimentally accessible, soon. The width difference is directly proportional to the mass difference,
where the proportionality constant A is ∼ 3 · 10 −3 in the Standard Model, but the value suffers from large hadronic uncertainties [9] . The mass difference ∆m s , accessible through the oscillation frequency in the B 0 s system, is itself an unknown parameter of great interest, and a major motivation for installing the precise vertex detectors at CDF and DØ during their upgrades for Run II. It is interesting to note that a large value for ∆m s , corresponding to fast B 0 s oscillations which are more difficult to measure, corresponds to a large value for ∆Γ s , which makes it easier to measure. ∆Γ s and ∆m s are complementary measurements. Given the current limits on ∆m s , a very small value for ∆Γ s would be a hint at new physics.
Theory Status
Recent theoretical predictions for ∆Γ d are (the different results are obtained using different expansions of Next-ToLeading Order QCD corrections [4] ):
For ∆Γ s , recent predictions are: is predicted to be mostly CP even, so that these decays could be included in the analysis. These assumption would have to be tested however, for example with a similar angular analysis as for the B 0 s → J/ψφ case. The result for the CP even life time can then be compared to the mean lifetime from CP-mixed channels to extract the lifetime difference.
• Fit 2 lifetimes to B 0 s → J/ψφ. This can have 3 angular momentum states, 2 CP even, 1 CP odd. These can be disantangled by an angular analysis.
• The B.R. Method: Assume that the width difference is entirely due to CP-even B s . In small velocity (Shifman-Voloshin) limit [3] , [21] :
Current Values for ∆Γ
Recent results for the width differences in the B system are 
Conclusion Lifetime ratios
Since they have started data taking, the B-factories have brought the error on σ(τ B + /τ B 0 d
) down to 1.7%, so that the experimental accuracy for this ratio is now better than that of the HQE prediction. The agreement between theory and experiment is very good. ) is expected to be below 1% by the end of Run IIa. This will provide a real test of HQE for B s for which precise predictions exist, while improved theoretical values are needed for for Λ b . 
Lifetime Differences
